Hospital readmissions after surgical procedures are disruptive for patients and their families and correlate with poor outcomes, including reoperation or death. Readmissions after hospitalization for acute medical conditions have been the subject of ongoing research and policy initiatives for many years, but readmissions have received less attention in the surgical specialties. This is remarkable given the frequency of surgery in this country, the overall cost of surgical care, and the perceived association between surgical readmission and quality of care. [1] [2] [3] Moreover, the health care costs associated with readmissions are substantial. Unplanned readmissions have an economic impact estimated at $17.4 billion per year.
Moreover, the health care costs associated with readmissions are substantial. Unplanned readmissions have an economic impact estimated at $17.4 billion per year. 1 Although debatable, a significant portion of hospital readmissions may be preventable. 2, 4 Consequently, in 2010, the Patient Protection and Affordable Care Act was passed, which contained legislation mandating a national readmissions reduction program. 5 Shortly thereafter, the Centers for Medicare and Medicaid Services (CMS) developed and implemented policies to penalize hospitals for readmissions. 6 Specifically, these penalties reduce reimbursement to hospitals with higher-thanexpected readmission rates. These penalties have been already implemented for 3 medical diagnoses: congestive heart failure, myocardial infarction, and pneumonia, and will be expanded to surgical procedures including hip and knee arthroplasty beginning in 2015. 6 Comprehensive reviews have addressed global aspects of readmission or readmission of patients after medical hospitalization. However, there are no systematic reviews that address surgical readmissions. In a review of interventions aimed to reduce medical readmissions, Hansen and colleagues 7 concluded that no single intervention was consistently associated with a reduced risk, but did note that certain components (eg, postdischarge telephone call) were common to successful bundled interventions. Kansagara and colleagues 8 performed a systematic review of risk prediction models for readmission and determined that current models perform poorly, concluding that efforts are needed to improve their performance, including measures of patient's social support and detailed clinical data. These analyses help underscore the need for research in surgical readmissions because there is no synthesis of the current literature describing surgical readmission, medical readmissions are fundamentally different from surgical readmissions, and there are no proven models for predicting or preventing surgical readmissions.
In this review, recent studies of readmission within the surgical subspecialties of vascular, general, bariatric, and colorectal surgery are analyzed. Readmission rates and diagnoses as well as predictors of readmission are examined within these surgical fields to help create a foundation for future research that will ultimately improve the quality of surgical care.
METHODS

Study identification
We performed a search via PubMed using the search terms surgery AND intitle: readmission OR intitle: readmissions OR intitle: rehospitalization. The search was limited to January 1, 2009 through July 1, 2013. Two independent reviewers (JW and AG) examined all citations and abstracts, noting inclusion and exclusion criteria to determine study eligibility. Once articles were selected, the reference lists from these articles were reviewed to identify any additional qualifying studies.
Study inclusion and exclusion criteria
For a study to be included we required that it contain at least 1 of the following analyses: readmission diagnoses or multivariable analysis of factors predicting readmission. Only English language articles were included. Articles were excluded if they evaluated only planned readmissions or readmissions to a facility other than a hospital (eg, readmission to the ICU). Meta-analyses were excluded if they contained a majority of articles that were selected for inclusion in this review. 9 In order to characterize procedures common to a general and vascular surgical practice, we selected articles pertaining to vascular, general, bariatric, and colorectal surgery. We defined general surgery as bariatric, colorectal, abdominal procedures involving the stomach, small bowel, appendix, and gallbladder as well as thyroid and hernia procedures. Articles that focused on other surgical specialties including cardiac, orthopaedic/spine, plastic and reconstructive surgery, pediatric surgery, trauma, and transplant were excluded. There is an extensive literature that addresses readmission after pancreaticoduodenectomy and complex pancreatic surgery; because of the focused and specialized nature of these procedures, we excluded these studies.
Data review and synthesis
We performed a systematic review because our initial analysis of eligible studies suggested a high degree of heterogeneity, making a meta-analysis impractical. Outcomes of interest were readmission rate, diagnoses on readmission, predictors of readmission, and short-and long-term mortality of readmitted patients. Readmission rates are reported as percentages and, when possible, weighted averages were determined. Diagnoses that led to readmission were extracted from each article; we recorded the 3 most frequent diagnoses for each. Predictors of readmission were reported as significant in multivariable regression modeling by having a p value <0.05. Nonsignificant predictors of readmission were also reported. For each study we recorded the data source, sample size, study methodology, definition of the readmission window (eg, 30 days, 60 days, after surgery, after discharge), procedure type, and any interventions attempted to reduce readmissions. Findings for vascular, general, bariatric, and colorectal surgery were summarized separately, followed by an analysis of overall trends and differences.
RESULTS
Search results
A total of 619 citations were identified using the described search criteria. The number of citations increased yearly. After reviewing all article titles and abstracts, 555 were excluded based on the previously mentioned criteria, leaving a total of 64 articles for review (Fig. 1) . The full text of the remaining articles was then reviewed, followed by elimination of an additional 29 articles using same criteria, with 35 remaining. The literature cited in these 35 articles was also reviewed searching for additional relevant articles, resulting in the addition of 4 articles. [10] [11] [12] [13] The final yield was a total of 39 articles included in this review. The resulting articles were then categorized by surgical specialty: vascular surgery (n ¼ 10), 10, 11, [14] [15] [16] [17] [18] [19] [20] [21] general surgery (n ¼ 8), 12, 13, [22] [23] [24] [25] [26] [27] bariatric surgery (n ¼ 5), [28] [29] [30] [31] [32] and colorectal surgery (n ¼ 16).
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Study characteristics Data included in these articles were derived prospectively and retrospectively from a variety of sources with the distribution as follows: Single institutional (n ¼ 20), Medicare (n ¼ 8), state registry (n ¼ 2), American College of Surgeons National Surgical Quality Improvement Program 49 (ACS-NSQIP; a clinically validated, multicenter dataset) (n ¼ 2), a national patient registry (n ¼ 2), proprietary insurance-based claims (n ¼ 1), multi-institution registry (n ¼ 1), the Health Facts database (n ¼ 1), the Bariatrics Outcomes Longitudinal Database (n ¼ 1), and the Hospital Episodes Statistics Database (n ¼ 1). 26 and greater than 2 years. 26 In 1 article, interval to readmission was not defined. 41 Readmissions were characterized in the majority of studies from the time of discharge (n ¼ 24, 62%). Alternatively, in a number of articles, readmission was calculated from the time of procedure (n ¼ 12, 31%). In 3 articles (8%), the starting point for the readmission period was not defined. The reported overall 30-day readmission rates (for studies that reported a 30-day period) ranged from 3.7% to 32.5%.
Subgroup analysis by specialty yielded varying medians and ranges of 30-day readmission rates. The median vascular surgery readmission rate was 18.5% (n ¼ 9, range 8.9% to 24.4%). Respective 30-day median readmission rates within vascular surgery varied with the procedure as follows: abdominal aneurysm repair 15.8% (n ¼ 4, range 12.5% to 23.2%) 15, 17, 18, 21 ; and lower extremity revascularizations 23% (n ¼ 3, range 14.5% to 24.4%). 11, 19, 20 The general surgery median readmission rate was 9.7% (n ¼ 5, range 5.3% to 12.1%). Within general surgery, the readmission rates were variable, even for identical procedures. For example, patients undergoing ventral hernia repair had rates of 5.3%, 13 5.6%, 27 and 12.1%. 22 Patients undergoing laparoscopic cholecystectomy experienced readmission rates of 4.3% at 1 year in 1 study, 26 compared with 4.3% at 90 days in another. 12 The bariatric surgery median readmission rate was 6.8% (n ¼ 5, range 3.7% to 9.3%). The colorectal surgery median readmission rate was 12.8% (n ¼ 13, range 8.3% to 32.5%). In 2 studies, 30-day readmission rates were quite high; specifically, in patients who underwent ileal-anal pouch anastomosis (30.3%) 44 or creation of an ileostomy (32.5%). 47 With these 2 studies removed, the median readmission rate for colorectal was 12.0%.
Mortality of readmitted patients
Although overall mortality was reported in 18 studies, among these, only 4 studies reported mortality rates for readmitted vs nonreadmitted patients. 10, 15, 35, 36 Greenblatt and colleagues demonstrated a significant association between readmission and 1-year mortality in Medicare beneficiaries undergoing colectomy for cancer (the predicted probability of 1-year mortality was 16.3% for readmitted patients, compared with 7.4% for those not readmitted). 35 Greenblatt and colleagues also showed a similar disparity in a parallel study evaluating Medicare beneficiaries undergoing abdominal aortic aneurysm repair (the unadjusted 1-year mortality rate in readmitted patients was 23.4%, compared with 4.5% in those who were not readmitted). 15 The association of readmission and mortality was found by Schneider and colleagues 36 to persist for as long as 3 years; patients with a diagnosis of primary colorectal cancer treated with colectomy and readmitted within 30 days of discharge had less favorable long-term survival (47.5% compared with 61.7% for patients who did not require readmission).
Readmission diagnoses
There were 31 studies in which diagnoses leading to readmission along with their incidence were reported. Comparison of these findings was hindered by the considerable variability in the definition and categorization of these diagnoses (eg, wound complication in 1 study vs wound infection in another). The 3 most frequent diagnoses were collected for each study and are reported in Tables 1 to 4. These readmission diagnoses were then combined for all reported specialties and presented in Figure 2 .
There was significant commonality among surgical readmission diagnoses regardless of specialty. Overall, the 5 most frequent readmissions diagnosis groups were wound-related complication, infection (not wound), gastrointestinal complication, gastrointestinal obstruction, and surgical technical complications.
Frequently shared readmission diagnoses among general, bariatric, and colorectal surgery were gastrointestinal complications. Infections were a common readmission diagnosis for vascular, general, and colorectal surgery. Pain symptoms were frequently reported in the general and bariatric populations. Additionally, subsets of readmission diagnoses were unique to certain surgical specialties. For example, frequently reported readmission diagnoses that clustered in vascular surgery included graft-related complications and cardiac-related complications or exacerbations; a readmission diagnosis of anastomotic leak was frequently reported in colorectal surgery. Further emphasizing the differences between readmission of surgical and medical patients, by far the most frequent diagnoses leading to readmission of surgical patients were issues related primarily to surgery (wound complications, gastrointestinal obstruction, etc), rather than medical complications of operation (cardiac, pulmonary, hematologic, etc).
Predictors of readmission
There were 24 studies (62%) in which multivariable analysis of factors predicting readmission was performed.
Comparison of these findings was hindered by the considerable variability in the definition and categorization of readmission predictors. To address this variability, we grouped similar variables into like categories (eg, open vs laparoscopic and open vs endovascular surgery were grouped into "surgical approach"). Although many variables were evaluated in the majority of studies, some variables were analyzed infrequently. Thus, when combining data, we considered only variables that were evaluated in 4 or more studies. We then calculated the frequency at which a variable was found to be a predictor of readmission using the following formula: the number of studies in which the variable was significant within a multivariable model divided by the number of studies in which the variable was evaluated.
Based on this approach, the top 3 predictors of readmission across all studies were postoperative complication, medication-related (ie, total number of medications, >30 medications ordered and dispensed, etc), and comorbidity score (ie, Charlson index, Hierarchical conditions category score, etc). Additional frequent predictors of readmission are summarized in Figure 3 .
In a separate analysis, we stratified predictors of readmission by patient demographics, patient comorbidities, postoperative complications, and perioperative factors. Across specialties, the most frequently reported predictors of readmission among patient demographics were age and sex (female sex compared with male being a predictor in 57%). The most frequently reported predictor of readmission among patient comorbidities was comorbidity score, and the most frequently reported predictor of readmission among complications was "any postoperative complication." The most frequently reported predictor of readmission among perioperative factors was length of stay. Additionally, comorbid conditions that predicted readmission were different between specialties. Congestive heart failure and diabetes predicted readmission among vascular patients, hernia defect size or presence of a fistula predicted readmission in general surgery patients, the number of medications and depression were predictors for bariatric surgical patients, and comorbidity scores were found to be a significant predictor for readmission of colorectal surgical patients.
Outcomes for cancer patients Articles focusing on patients with cancer were limited to general and colorectal surgery, with the majority of articles in the latter group. 23, 24, [34] [35] [36] [37] [38] [39] 43, [45] [46] [47] [48] There appeared to be a general trend toward an increased risk of readmission 24 studied thyroid cancer patients and showed that patients with distant cancer stage were at an increased risk for readmission compared with patients with localized cancer (p 0.001). In contrast, Greenblatt and colleagues 35 showed that there was not a significant difference in odds of readmission for Medicare beneficiaries undergoing colectomy for cancer across cancer stages.
Furthermore, readmission rates for cancer patients were not always higher than for their noncancer cohorts. For example, Wick and colleagues 34 showed significantly higher readmission rates for patients undergoing colorectal surgery for colon cancer compared with diverticulitis, but they did not find a difference when compared with inflammatory bowel disease. Also, Toneva and colleagues 37 found a lower readmission rate for cancer patients undergoing colorectal surgery compared with patients with irritable bowel disease, diverticulitis, and other colorectal diagnoses.
Studies exploring risk prediction models or interventions Among 39 studies, only 1 evaluation explicitly generated a risk prediction tool based on a multivariate analysis of multi-institution registry data. 19 The authors found a very modest ability (C statistic of 0.60) to discriminate between patients who were and were not readmitted. (For a review of models predicting readmission, see Kansagara and associates. 8 ) There was 1 institutional study by Nagle and colleagues 47 that prospectively instituted an "ileostomy pathway" in order to reduce readmissions and facilitate patient education and well-being. Their group was able to demonstrate a significant decrease in dehydrationrelated readmissions and a decreasing trend in overall readmissions after implementation of the pathway.
DISCUSSION
Although once controversial, it is now reasonably well accepted that surgical readmission is a marker of quality of hospital care. Emphasizing this point, Tsai and colleagues 2 demonstrated a relationship between surgical readmission rates and adherence to surgical process measures, procedural volume, and procedure-specific, 30-day, risk-adjusted, surgical mortality rates, 3 established measures of hospital surgical quality. Thus, decreasing the rate of surgical readmission represents an opportunity to improve patient care. Original research on this topic is required to provide surgeons, hospitals, and policy makers with the necessary tools to accomplish this goal. To characterize the body of current literature on surgical readmissions, we reviewed the findings of recent studies within the surgical subspecialties of general, bariatric, colorectal, and vascular surgery.
Our review of 39 studies confirmed a high rate of hospital readmission within the surgical population. 1, 50 In 2009, Jencks and colleagues 1 found 23.9% and 16.6% respective 30-day readmission rates among Medicare beneficiaries for vascular and major bowel surgical procedures. Our summative analysis revealed numbers that are somewhat lower for vascular and colorectal surgery. The slightly higher readmission rates reported by Jencks and colleagues 1 are likely reflective of sampling from an exclusively Medicare population, representing older patients with a greater frequency of comorbidities, and also Medicare's ability to track readmissions to nonindex hospitals. Nevertheless, our review suggests that readmission rates are high across surgical populations and are not isolated to older patient cohorts.
Our findings revealed 2 themes with regard to readmission diagnoses. First, several diagnoses were common across all surgical specialties (eg, wound and gastrointestinal complications); second, other diagnoses were common to their respective surgical specialties (eg, graft-related complications in vascular and anastomotic leak in colorectal). The former may benefit from system-wide changes that address all surgical patients. For example, outpatient monitoring of wounds before the traditional 2-to 3-week follow-up appointment might be generalizable and reduce the rate of readmission for wound complications for all surgical specialties. However, diagnoses that are specific to individual surgical specialties may require focused strategies or protocols that are service specific. For example, a vascular service may institute a graft monitoring protocol in which bypass grafts are scanned before hospital discharge to identify potential issues that might lead to early occlusion. Continuing to define the frequency of specific readmission diagnoses will help focus efforts to reduce their incidence.
One of the issues that we encountered was the tremendous variability in defining and categorizing readmission diagnoses. For example, in some studies, a category was created for wound infections; in others, the category was wound complications and in still others, there was a more general category for infections (including pneumonia and urinary tract infection). This observation emphasizes the importance of creating standard groupings of readmission diagnoses so that studies can be compared, and more importantly, the data derived from these studies can be used to inform targeted interventions that might prevent specific complications.
Better understanding the predictors of readmission is also a key component in efforts to stem preventable readmissions. We found that reliable predictors of readmission included postoperative complications, medication-related issues, comorbidity, and postoperative length of stay. Identification of the predictors of readmission can reveal which patients are vulnerable and inform strategies to reduce readmission. For example, patients who have prolonged length of stay might be targeted at the time of discharge with interventions that address the issues that lead to readmission (eg, more rapid follow-up, better outpatient management of hospital-derived complications, etc). Patient comorbidities that predict rehospitalization (which are known before the initial hospitalization) can be used to develop targeted strategies that can be used in this patient cohort before elective surgery. Nonetheless, the relationship between postoperative length of stay and readmission is complex. One might predict that shorter length of stay would be associated with a higher rate of readmission with the presumption that patients are being discharged too early before their care is complete, resulting in a return to the hospital. However, we found just the opposite. Increased postoperative length of stay in multivariate analysis was a predictor of readmission in 69% of reporting studies. The likely reason for this finding is that prolonged length of stay is associated in many cases with development of a postoperative complication. This then selects a group of patients who are prone to complications and are likely to develop additional postdischarge issues. Or alternatively, these patients are discharged before their complication has completely resolved. Another possibility is that discharge efforts designed to care for the complication are not adequate, leading to readmission. 15, 34, 35 Conversely, if surgery and the postoperative course are uneventful, one might anticipate a relatively short length of stay and no readmission.
The relationship between length of stay and readmission does appear to be specific to the type of surgery. Baker and colleagues 51 compared laparoscopic with open distal pancreatectomy with a focus on readmission, and found that the laparoscopic approach was associated with a shorter initial length of stay, but a higher rate of readmission compared with the open approach. Baker's findings underscore the complicated relationship between the occurrence of complications and readmission. For procedures that have very short lengths of stay, the patient may be discharged before the complication can occur. Thus, for minimally invasive operations with short *See supplemental digital content in online-only Appendix Table 1 for full definitions of variables.
lengths of stay, readmission is needed for almost any postoperative complication. In any event, minimally invasive procedures are the exception and the data are overwhelmingly conclusive that increased length of stay is associated with an increased rate of readmission.
An important finding of the reported studies was the association between readmission and mortality. The mortality difference between readmitted and nonreadmitted patients was evident at 1 year in vascular and colorectal patients 15, 35 and up to 3 years in colorectal patients. 36 There are 2 possible explanations for this finding. The association between mortality and readmission could potentially arise from the fact that readmission has "selected" a cohort of patients who are inherently more likely to die; readmission is a marker of those with poor longevity. This theory suggests that readmission in these patients is not preventable and is likely the consequence of predetermined disease. 35 An alternative hypothesis is that readmissions, as well as the complications that lead to readmission, are preventable. Moreover, if these complications are prevented, the enhanced mortality in the readmitted cohort could be markedly diminished. The latter hypothesis presents a more optimistic view of these patients and suggests that interventions to prevent readmission might have a substantial impact on overall patient mortality. So the truth likely lies somewhere in between. Our assessment after review of these multiple studies is that overall mortality in surgical patients can be favorably affected by interventions to reduce readmission; this of course remains to be proven.
Patients undergoing surgery for cancer may have inferior outcomes than matched noncancer patients, particularly if undergoing chemotherapy (adjuvant or neoadjuvant). However, contrary to this notion, Greenblatt and colleagues 35 showed no association between receiving chemotherapy within 30 days of discharge and increased risk of readmission. The risk of having cancer may commonly be manifested in an increased risk of mortality as opposed to readmission, but we are unable to make firm conclusions to support this given the mixed results within the respective articles. Further studies identifying the impact of cancer and the effects of adjuvant and neoadjuvant therapies on readmissions are warranted.
In attempting to synthesize studies of surgical readmissions, we have become readily cognizant of the lack of uniformity and standardization of the data. Unfortunately, Figure 3 . Multivariable predictors that were included in at least 4 of the 24 articles that reported a multivariable model predicting hospital readmission. The relative significance percentage reflects the number of times the variable was significant within a multivariable model (numerator) divided by the frequency that variable was included in a multivariable model regardless of significance (denominator).
*See supplemental digital content in online-only Appendix Table 2 for full definitions of variables.
the current literature contains a significant amount of heterogeneity across studies with regard to reporting standards. The major sources of this heterogeneity are the use of varying data sources (eg, Medicare vs institutional records vs multicenter registries); substantial differences in the definition of readmission (eg, 30-day vs 60-or 90-day); and differing definitions of important variables (eg, wound infections vs all infections, congestive heart failure vs all cardiovascular complications). This heterogeneity is problematic when attempting to glean patterns and trends in surgical readmissions.
More important than variability in the datasets is the fact that the working definition for readmission varies significantly, as do definitions of the important variables. Time to readmission is typically reported either from the date of hospital discharge or the surgical procedure. This variability is likely data driven. In ACS NSQIP, readmission was prospectively defined as within 30 days of the primary procedure; it is impossible with NSQIP to determine readmission from the date of discharge. Alternatively the Centers for Medicare and Medicaid Services has made the decision to calculate readmission from the date of hospital discharge. This lack of standardization makes comparison of results problematic. There is currently no initiative underway to create research reporting standards around readmission, although uniform definitions would significantly improve consensus and cross-study comparisons.
Readmissions can be planned, and these patients need to be excluded from both analysis and penalty. Depending on the data source used, classification of a "planned readmission" can be a difficult task. This is reflected in the existing literature. Jencks and colleagues 1 estimated that 10% of readmissions for both medical and surgical Medicare beneficiaries are planned; Jackson and colleagues 16 estimated a 25% planned readmission rate in vascular surgery patients. Attempts have been made to address this issue; an algorithm has been developed that uses preprocedural codes and discharge diagnoses categories to identify planned readmissions. 52 Removing planned readmissions from these analyses will enhance the findings of studies focused on identifying factors that can prevent readmission.
Of the 39 studies we examined, we found only 1 that produced and validated a risk prediction model for surgical readmissions. 19 Development of an accurate readmission risk prediction algorithm has the potential to improve surgical quality by serving 2 purposes: to identify patients who are at "high risk" and would likely benefit from an intervention, such as a transitional-care program; and to facilitate calculation of risk-adjusted readmission rates that allow interhospital comparisons. To the former, interventions designed to prevent readmission are often costly and therefore cannot be broadly applied to all patients. Optimally, these resources should be devoted to a smaller subset of patients for whom the impact might be most significant. Of the 39 articles we reviewed, in only 1 was a pathway instituted to prevent readmission. 47 The majority of trialed models have only been tested or used for medical or combined medical/surgical patients. 7, 53, 54 Transitional care models with demonstrated effectiveness in medical patients will need to be adapted for the surgical population.
We excluded patients undergoing pancreaticoduodenectomy because these patients present unique challenges both pre-and postoperatively owing to indications for surgery and complexity of the operations. Patients undergoing pancreaticoduodenectomy have high 30-day readmission rates ranging from approximately 10% to 20%. [55] [56] [57] [58] [59] [60] [61] The driver of these high rates is likely the incidence of complications, with published ranges from 30% to 60%. 62, 63 These readmission rates are comparatively higher than our reported general surgery readmission rates and are more similar to our colorectal surgery readmission rates. Given the greater development of this literature and distinct patient population, separate summative analysis of this distinctive cohort is warranted.
There are important limitations to our study. The majority of articles we summarized were published in 2009 or later to ensure that our review is relevant to the previous 10 years of practice. This seemed appropriate considering that the emphasis on readmission is relatively recent; for previous years the focus was on early discharge, not readmission. This research summary does not include other common surgical specialties including cardiac, thoracic, or orthopaedic surgery. Therefore, any expansion of our conclusions to the entire surgical population should be guarded. Predictors of readmission were sampled from individual multivariable analyses, each of which was controlled for a different set of confounding variables, limiting our ability to blend predictors across specialties. Mortality of readmitted patients is reported only in a small sample of studies, which may limit the validity of our conclusions. Finally, the study was retrospective and summarizes aggregated findings, which may introduce bias.
CONCLUSIONS
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